Plants exposed to various types of environmental stresses produce reactive oxygen species (ROS), within the system. ROS can bring about various types of cell injuries leading to cell death. Plants have different ant oxidation mechanisms (mediated by both enzymatic and non enzymatic antioxidants) operational in them to take care of the deleterious ROS.
Introduction
Plants continuously produce ROS and chloroplasts are the major sites of their production in normal condition. This inevitable production of ROS in chloroplasts is through a process called Mehler reaction (Heldth 2005) . When the Fe-S centre in PS I are over reduced and incapable of accepting electrons from thylakoid electron transport chain (ETC), oxygen molecules accept electrons (the Mehler reaction) and it will result in the formation of highly reactive superoxide radicals and H2O2. Under normal conditions, mitochondrial electron transport chain also generates ROS due to electron outflow and the major sites of electron leak are complex I and III (Turrens 2003) . A reverse electron flow of electrons occur from complex II to complex I when NAD + supply for complex I are restricted. This leads to ROS production at complex I. In complex III, fully reduced ubiquinone cause the formation of an unstable ubisemiquinone radical which is favorable for the electron leakage to O2.
The normal production of ROS in various sites of plant body (viz. chloroplast, mitochondria, plasma membrane, peroxisomes, apoplast, endoplasmic reticulum, and cell wall) is increased to harmful levels during drought (Sharma et al., 2012) . According to them, increased photorespiration during drought also causes the accumulation of H2O2 in peroxisomes. Extensive accumulation of ROS causes oxidative stress in plants through various ways during poor cell water conditions. Decreased rate of C fixation due to closing of stomata will lead to reduction of NADP + regeneration via Calvin cycle and shortage of NADP + pool easily cause over reduction of ETC and leakage of electrons to O2. Thus Mehler reaction is increased over 50% during drought in plants (Cruz de Carvalho 2008).
Antioxidation mechanism in plants
Plants have evolved a great machinery of antioxidant system with enzymatic (SOD, POD, CAT, APX, DHAR, MDHAR, GR etc.) and non-enzymatic antioxidants (ascorbate, glutathione, thioredoxin, carotenoids, tocopherols etc.) for quick scavenging of the ROS (Heldth 2005; Sharma et al., 2012) . The functioning of this antioxidant system is amazingly efficient in plants to reduce the impact of oxidative stress. The ROS formation and their reactivity with biologically important molecules are effectively controlled by step by step action of the antioxidant machinery.
Enzymatic antioxidants
The first step which initiate the generation of various ROS viz. O2 .-, H2O2 and •OH happens when the oxygen molecules accept leaked electrons from the overloaded PS I and superoxide radicals or singlet oxygen (a condition where spin of electron is changed due to energy transfer) are produced. The superoxide radicals are rapidly converted to hydrogen peroxide molecules spontaneously or by the catalytic activity of superoxide dismutase; or otherwise these radicals can reduce metal ions (such as Fe 3+ and Cu 2+ ) present in the cell.
A process called the Haber-Weiss reaction generates another most aggressive ROS-hydroxyl radical-from H2O2 and O2•−. It consists of the following two reactions: in first step, superoxide radicals reduce metal ions to M (n-1)+ and the reduced metal ions react with hydrogen peroxide to form hydroxyl radicals through a second step called Fenton reaction. The hydroxyl radicals (•OH) damage enzymes and attack on polyunsaturated fatty acids (PUFAs) of membrane phospholipids and cause lipid peroxidation. Since the plant cell has no protective enzymes against •OH, hydrogen peroxide is swiftly scavenged by a class of peroxidases (POD) such as guaiacol peroxidase (GPX) or ascorbate peroxidase (APX) and catalase (CAT) in chloroplast as well as cytosol (Poiroux-Gonord 2012).
CAT break down H2O2 directly into water and oxygen without utilizing any reducing power and hence considered as an enzyme which is exceptional for its activity (Lata et al., 2011) . Guaiacol peroxidases utilize guaiacol as the electron donor in vitro and catalyze the removal of H2O2. The APX enzyme located mainly on thylakoid membranes are most effective in scavenging H2O2 by oxidizing ascorbate, an important antioxidant. Ascobate-glutathione cycle (AGC) also referred as Halliwell-Asada pathway, is a pathway for regeneration of ascorbic acid (AsA) and reduced glutathione (GSH) which are essential for the detoxification of H2O2. The AGC involves successive oxidation and reduction of ascorbate, glutathione and NADP and the reactions are catalyzed by the enzymes APX, monodehydroascorbate reductase (MDHAR), dehydroascorbate reductase (DHAR), and glutathione reductase (GR) (Heldth 2005 ).
Oxidation of ascorbate by APX enzyme result in the formation of the radical monodehydroascorbate (MDHA) which is spontaneously reconverted by photosystem I to ascorbate via reduced ferredoxin. MDHA also can be reduced to AsA by an NAD(P)H-dependent MDHAR that is present in the chloroplast stroma and the cytosol. In another alternative step, two molecules of MDHA dismutate to form AsA and DHA and the DHA is reconverted to AsA by reduction with glutathione (an antioxidant) in a reaction catalyzed by DHAR present in the stroma. Reduction of GSSG is catalyzed by the enzyme GR with NADPH as the reductant (Heldth 2005 ).
Non enzymatic antioxidants

Ascorbate (Vitamin C)
Most abundant , powerful and water soluble antioxidant, which occur in all plant tissues (high in photosynthetic cells and meristems). It provides protection by scavenging O2 •-and OH free radicals.
Glutathione (GSH)
It is localized in cytosol, ER, vacuole, mitochondria, chloroplast etc. It is a potential scavenger of 1 O2, H2O2, and OH • and also regenerate another potential water soluble antioxidant like ascorbate.
Proline
It is a potential antioxidant and inhibitor of programmed cell death. It is a osmoprotectant, a protein stabilizer , an inhibitor of lipid peroxidation and OH • and O2 •-radical scavenger. Increased accumulation of proline improves the tolerance of plants against various stresses especially salt and drought.
α Tocopherol ( Vitamin E)
Is a lipid soluble antioxidant and are localized in thylakoid membrane of chloroplast. Out of four isomers (α,β,γ,δ), α tocopherol has the highest antioxidative activity and helps in the scavenging of O2 radical.
Carotenoids
Have 3 major functions . They absorb light at wavelength between 400 and 550 nm and transfer it to chlorophyll. They protect photosynthetic apparatus by quenching of triplet state of chlorophyll, O2 •-and other harmful radicals. They are important for the PS1 assembly and stability of LHC.
Flavanoids
It serve as ROS scavenger by locating and neutralizing radicals before they damage the cell. An increase in the flavonoid level following abiotic and biotic stresses was always observed. Flavoniods and other phenolic compounds absorb UV light and plants capable to synthesize these compounds were more tolerant to UV radiation.
